2. Evaluation of internal structure and porous property of Pd/MPG S5
Preparation of MPGs with different gel network sizes
Scheme S1. Synthesis of monolithic porous gel (MPG) with a tertiary-amino group above the lower critical solution temperature of PNIPAm.
Monolithic porous gels (MPGs) were synthesized by the copolymerization of N-isopropylacrylamide (NIPAm) with tertiary-aminated and crosslinking monomers at above the lower critical solution temperature of PNIPAm (Scheme S1). NIPAm (100-10-x mol%), N-(3-dimethylaminopropyl)methacrylamide (DMAPM, 10 mol%), and N, x = 5, 10, and 30 mol%, giving MPG1, MPG2, and MPG3, respectively) were dissolved in water with a total monomer concentration of 1500 mmol L -1 according to the previous report (H. Seto et al. Appl. Polym. Sci. 2017, 134, 44385) . The monomer solutions were degassed with nitrogen gas for more than 30 min, followed by the addition of 2,2'-azobis(2-amidinopropane) dihydrochloride (AAPD) as a radical initiator (1 mol% of total monomers) to each solution. The mixed solutions (3.14 mL) were poured into glass vials with inner diameters of 20 mm, which were then incubated at 70°C for 3 h. The cylindrical MPGs were removed from the vials, and washed with a sufficient volume of water for more than 1 day. From H + adsorption experiments, amine densities in the MPG1, MPG2, and MPG3 were estimated to be 707, 740, and 650 µmol g -1 , respectively.
The difference of gel network sizes of the MPG1-3 was confirmed by the evaluation of swelling properties of the MPGs in water. The bulk volumes of the MPGs in water were estimated from their sizes at various temperature and dry weights ( Figure S1a ). At 30°C, the bulk volumes of the MPG1, MPG2, and MPG3 were 9.8, 7.3, and 5.4 cm 3 g -1 , respectively. In particular, the MPG1
showed a drastic change in its bulk volume around 30°C. The thermoresponsiveness was suppressed by increasing the BIS contents.
After loading of Pd(0), the bulk densities of Pd(0)-loaded MPGs (Pd/MPGs) were also determined in the same manner ( Figure S1b ). At 30°C, the bulk volumes of the Pd/MPG1, Pd/MPG2, and Pd/MPG3 were 10.4, 7.9, and 5.3 cm 3 g -1 , respectively. The Pd/MPGs also showed swelling properties similar to those of the originial MPGs.
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Figure S1
. Bulk volumes of MPG1, MPG2, and MPG3 (BIS contents of 5, 10, and 30 mol%) (a) before and (b) after loading of Pd(0), v.s. temperature diagram.
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Evaluation of internal structure and porous property of Pd/MPG
The internal structures of Pd/MPGs were observed using field emission scanning electron microscopy (FE-SEM, SU8000, Hitachi High-Technologies Corporation, Tokyo, Japan) after lyophilization ( Figure S2 ). Before observation, the Pd/MPGs surfaces were coated with platinum (thickness: approx. 4 nm) using an auto fine coater (JFC-1600, JEOL Ltd., Tokyo, Japan).
The pore size distributions in the Pd/MPGs were determined using a mercury porosimetry (AutoPoreIV9520, Micromeritics Instrument Co., Norcross, GA, USA) after lyophilization ( Figure S3 and TableS1). In dry state, the The Pd(0) loaded in the MPGs were observed using transmission electron microscopy (TEM, TECNAI 20, Philips FEI, Netherlands, Figure S4a ). It was revealed that the average sizes of the Pd(0) loaded in the MPG1, MPG2, and MPG3 (BIS contents of 5, 10, and 30 mol%) were 2.4 ± 0.7, 2.2 ± 0.7, and 2.1 ± 0.7 nm, respectively. The Pd(0) loaded in the MPGs did not aggregate after long-term use in Suzuki coupling reaction ( Figure S4b ). 
Preparation of Pd/nonporous gel
Nonporous gels were prepared by the copolymerization of NIPAm with tertiary-aminated and crosslinking monomers at below the lower critical solution temperature of PNIPAm ( Figure S5 ). NIPAm (100-10-x mol%), DMAPM (10 mol%), and BIS (x = 5, 10, and 30 mol%) were dissolved in water with a total monomer concentration of 1500 mmol L -1
. The monomer solutions were degassed with nitrogen gas for more than 30 min, followed by the addition of ammonium persulfate (APS, Sigma-Aldrich Co., St. Louis, MO, USA) and N,N,N',N'-tetramethylethylenediamine (TEMED, Sigma-Aldrich Co.) as a radical initiator and an accelerator (1 and 11 mol% of total monomers), respectively. The mixed solutions (3.14 mL) were poured into glass vials with inner diameters of 20 mm, which were then incubated at 0°C for 3 h. The cylindrical gels were removed from the vials, and washed with sufficient volume of water for more than 1 day.
Pd (0) The solid/liquid ratio was set to 180 mg of the dry gel for 90 mL of the solution.
S9 Figure S5 . Synthesis of nonporous gels using redox polymerization below the lower critical solution temperature of PNIPAm. The appearance of the gel is shown inset (BIS content of 5 mol%). S10
Preparation and characterization of Pd-loaded inorganic supports
Tertiary-aminated porous glass membrane and silica particles were synthesized using silane-coupling reaction similar to that of the previous report (K. Shimizu et al. Tetrahedron Lett. 2002, 43, 9073-9075 were lyophilized before or after catalytic reactions. Pd loaded on the supports and Pd/C were observed using TEM ( Figure S6a ). It was revealed that the average sizes of the Pd loaded on the porous glass membrane, silica particles, and carbon were 2.1 ± 0.6, 2.0 ± 0.4, and 2.5 ± 0.5 nm, respectively. The Pd (0) loaded on the supports did not aggregate after long-term use in Suzuki coupling reaction ( Figure S6b ).
Pd/porous glass membrane, Pd/silica particles, and Pd/C were immersed in aqua regia for 24 h. The eluent was analyzed using inductively coupled plasma-atomic emission spectroscopy (ICP-AES, ICPS-8100, Shimadzu
Corporation, Kyoto, Japan). The amounts of the Pd loaded on the porous glass membrane, silica particles, and carbon were estimated to be 1.6, 6.3, and 131 µmol cm -3 , respectively. S11 Figure S6 . TEM images of Pd/porous glass membrane and Pd/silica particles (a) before and (b) after 30-days uses in Suzuki coupling reaction. S12
Permeability of continuous-flow reactor
The water permeabilities of support materials were evaluated for application in a continuous-flow process. Pressure loss changes during water permeating through a MPG1 and a nonporous gel at 30 o C were measured ( Figure S7a ).
When water permeated through the MPG1 at a flow rate of 100 mL h -1 , moderate pressure loss was achieved at steady state. However, using the nonporous gel, pressure loss was much high under the same condition and drastically increased with increasing the permeation volume.
Using MPG1-3, porous glass membrane, and silica particles, pressure losses at steady state were determined at various flow rate. Water permeabilities (k D ) were evaluated using the Darcy's law, as follows; 7. Suzuki coupling reactions in the batch system Scheme S2. Suzuki coupling reaction between phenylboronic acid (1) and aryl halide (2) to give biphenyl (3) in batch system.
Suzuki coupling reactions of phenylboronic acid (1) and 4-bromobenzoic acid (2, X = Br, R = COOH) to give 4-phenylbenzoic acid (3, R = COOH) in aqueous Na 2 CO 3 solution were conducted using Pd/MPG1, Pd/nonporous gel (BIS content: 5 mol%), Pd/porous glass membrane, Pd/silica particles, and Pd/C in batch system (Scheme S2). The reactions were initiated by addition of the catalysts to solutions of 1 (10 mmol L -1 ) and 2 (11 mmol L -1 , 1.1 eq.) in aqueous Na 2 CO 3 (11 mmol L -1 , 1.1 eq.). The solutions were shaken at 30 °C for 36 h. The solid/liquid ratio was set to 5 mg of dry gel for every 5 mL of solution. Small aliquots from the reaction mixture were analyzed using a high-performance liquid chromatography (HPLC, LC-2000Plus, JASCO CO., Tokyo, Japan) system with a reverse phase column (Mightysil RP-18 GP 250-4.6, Kanto Chemical Co., Tokyo, Japan) and an ultraviolet detector. Acetonitrile and water (50:50) containing 0.1 vol% trifluoroacetic acid was employed as a mobile phase. After reactions, the catalysts were immersed in aqua regia for 24 h. Using ICP-AES, the eluent was analyzed to estimate the amount of Pd added to the system. The initial molar ratio of 1 to Pd in the reaction mixture was around 500-1000.
Percentage conversions into 3 and turnover numbers (TONs) of the Pd(0)-loaded supports were estimated (Table S2) .
Suzuki coupling reaction between 1 and other types of aryl halides (2) under batch condition was also conducted using Pd/MPG1 (Table S3 ). The percentage conversions were estimated using similar method as mentioned above. When aryl iodides or bromides were used, almost all the substrates were converted into 3 successfully. However, the conversions of aryl chlorides into 3 were not observed using Pd/MPG1. experimental data and simulated data. S18 Figure S8 . Diffusion curves for substrates and product in Suzuki coupling reaction from a cylindrical gel.
